The warmest water below parts of the Ross Ice Shelf resides in the lowest portion of the water column because of its high salinity. Vertical mixing caused by tidal stirring can thus induce ablation by lifting the warm but dense water into contact with the ice shelf. A numerical tidal simulation indicates that vertically well-mixed conditions predominate in the southeastern part of the sub-ice-shelf cavity where the water column thickness is small. Basal melting in this region is expected to be between 0.05 and 0.5 m/yr and will drive a thermohaline circulation having the following characteristics: high salinity shelf water (at -1.8øC), formed by winter sea-ice production in the open Ross Sea, flows along the seabed toward the tidal mixing fronts below the ice shelf; and meltwater (at -2.2øC), produced in the wellmixed region, flows out of the sub-ice-shelf cavity along the ice shelf bottom. Sensitivity of this ablation process to climatic change is expected to be small because high salinity shelf water is constrained to have the sea-surface freezing temperature.
known as high salinity shelf water (HSSW) does comprise the lower portion of the water column at J9 and is thus expected to exist below most parts of the ice shelf where the seabed elevation is sufficiently depressed [Jacobs et al., 1970] . The temperature 0 of HSSW varies little from the sea-surface freezing point, and its salinity S is higher than 34.75 %o. As shown in Figure 5 , HSSW occupies the seabed depression north of Ross Island and is partially blocked from draining off the continental shelf by the Pennell Bank. Gill [1973] and Killworth [1974 Killworth [ , 1977 hypothesized that salt released by freezing within near-shore sea ice leads creates HSSW at a rate exceeding 1.0 x 106 m3/s in the Ross Sea. The nearly uniform temperature of HSSW, being tied to the sea surface freezing point, is 0.2øC to 0.5øC higher than the freezing point of the ice shelf base because of the greater hydrostatic pressure below the ice [Gill, 1983, p . 602]. Gill [1973] thus proposed that HSSW would induce basal ablation wherever strong stratification did not prevent its contact with the ice shelf base. Possible erosion of stratification by tidal currents was considered; but Gill [1973] , at the time of his study, lacked sufficiently accurate measurements of sub-ice-shelf tides and bathymetry to investigate this issue further. The study Figure 1 ) are displayed along with the hydrographic structure expected to result from the proposed tidal front southeast of J9 [Fearnhead, 1975] . The 0 and S data were obtained from Jacobs et al. [1979] and Gilrnour [1979] . The vertical shear of the time-average current observed by Jacobs at J9 [Jacobs and Haines, 1982] indicates that the isopycnal surfaces are inclined downward toward the tidal front.
presented in this paper adapts Gill's [1973] The ice shelf draft, shown in Figure 6 , is less than 500 m except in the extreme southeastern corner of the Ross Sea. HSSW will thus outcrop onto the ice shelf base over a relatively small area. Even in these regions of possible outcrop, contact between HSSW and the ice would quickly be suppressed because, as Gill [1973] pointed out, meltwater would form a protective film along the ice shelf base and diminish further heat transfer from below. Protective films and other water layers intervening between HSSW and the ice are eroded, however, wherever tidal currents induce strong turbulence.
To estimate where vigorous tidal mixing will lift HSSW into contact with the ice, the sub-ice-shelf cavity is partitioned into the following two sets: (1) the areas where the water column thickness is less than 100 m (where tidal currents will be strongest) and (2) the areas where HSSW is not excluded by high seabed elevations (where there is a heat source). This intersection is displayed schematically in Figure 4 and occurs primarily along the seabed ridge extending between the Siple Coast and Crary Ice Rise. Basal melting in this area would counteract an ice shelf thickening tendancy determined from the observed ice movement and snow accumulation rate and would imply that the ice shelf mass balance in this area is in steady state [Thomas and Bentley, 1978] . If significant basal melting occurs in the intersection defined above, then buoyancy production associated with dilution by meltwater will tend to drive a thermohaline circulation having the following characteristics: (1) warm HSSW is drawn into the sub-ice-shelf cavity along the seabed from its source in the open Ross Sea, (2) the relatively high temperature of HSSW is preserved until the HSSW encounters strong vertical mixing along the Siple Coast (heat diffused out of this water mass into the fresher water above is assumed to be small), and (3) contact between inflowing HSSW and the ice in the well-mixed region extracts the available heat and produces a meltwaterladen offspring water mass that exits the sub-ice-shelf cavity along the sloping ice shelf bottom. Eventually, the outflowing meltwater will reach a level of neutral buoyancy and will intrude between the inflowing HSSW and the fresh surface waters of the open Ross Sea. It is therefore reasonable to expect meltwater off the ice front at intermediate depths.
DEEP ICE SHELF WATER
Glacial meltwater can be identified by its temperature, salinity, and geochemical composition. Glacial ice derived from snowfall has zero salinity and an extremely low Oxygen 18 to Oxygen 16 isotopic ratio (g) relative to standard seawater; thus dilution of HSSW by basal melting predictably reduces its temperature, salinity, and r5 [Weiss et al., 1979] . Perhaps the most distinctive feature of meltwater produced below an ice shelf, however, is that its temperature is below that attainable at the sea surface. This temperature results from the depressed freezing point that accompanies the high hydrostatic pressure at the ice shelf base [Lusquinos, 1963; Gill, 1982 This water mass forms by surface water densification and convection associated with winter sea ice growth [Gill, 1973] . Its temperature is thus constrained to be the sea surface freezing point and is several tenths of a degree (C) above the in situ melting point at the base of the Ross Ice Shelf. Observations through the J9 bore hole indicate that HSSW was prevalent near the seabed within the sub-ice-shelf cavity but was not in contact with the ice shelf base. It is argued in this study that strong vertical mixing induced by tidal currents along the shallow Siple Coast lifts the HSSW into contact with the ice shelf and thereby catalyzes basal melting. The indirect approach used here is summarized as follows:
(1) calculate the minimum local melting rate required to maintain stratification against the known tidal energy dissipation rate provided by the numerical simulation and (2) compare this minimum melt rate with the probable range of actual basal melting. Some portions of the sub-ice-shelf cavity are found to require a far higher basal melting rate than that given by even the most liberal estimate of actual conditions.
These regions are predicted to be vertically well mixed, and tidal fronts are expected to lie somewhere just outside these regions.
The minimum local basal melting rate required to maintain stratification F m is calculated by using the following formula: The relationship between the Antarctic ice mass and global climate change resulting from atmospheric CO2 is clearly a subject of continuing development. The results of this study indicate that the seasonal sea ice growth cycle, and the associated production of HSSW, are the most important climatic variables effecting sub-ice-shelf ocean circulation and basal melting.
Another potential change that could upset the basalmelting-rate buffer is an ice front advance out to the northern edge of the continental shelf. Although of interest primarily in paleoclimatic studies, such an advance would cause high salinity water masses formed by offshore sea ice advection to convect into the abyssal ocean directly rather than onto the shallow, confining shelves. This potential behavior suggests that ice sheet growth in west Antarctica may be self-limiting: Once the ice front advances to the continental shelf margin, strong basal melting along the grounding line is no longer prevented by HSSW. Ice front retreat away from the continental shelf margin would not necessarily follow immediately after grounding line retreat is triggered; hence, a significant lag may exist in this possible feedback mechanism.
